on farmland, but only when potential problems are obvious, such as overt cases of water contamination from a point source. In terms of any long-term declines in aspects of farm sustainability, what and how to monitor and what the results mean, are hardly being addressed in New Zealand farming. Councils are using 'environmental consultants' because of the lack of trained personnel on their own staff, but these consultants do not necessarily have the training or experience to know what to measure. Even the establishment of a decline is not enough -a concept of an 'action threshold' needs to be developed, akin to that in insect pest management in which numbers reach a level where pesticide use is indicated (Dent 1991 ). An example from soil science is that shown in Fig.  2 . Loss of organic matter is a 'concern' in arable agriculture worldwide but Fig. 2 . reveals how, for a dryland site in Canada, there is no loss in yield until a threshold of two per cent is reached. In a natural ecosystem, Hobbs (1992) demonstrated a threshold in the relationship between rate of litter decomposition and the number of species of invertebrate decomposers (Fig. 3) . One of the challenges to the agro-ecologist investigating sustainability is to establish relationships such as those in Figs. 1-3. This point was made by Tokeshi (1993) in relation to natural ecosystems: 'While analysis of species abundance patterns can in theory be done with any community, its application in the context of environmental assessment is meaningful only when it is known a priori that discernible changes in species abundance patterns are associated with some kind of environmental degradation.' One reason why these relationships are rare is that the causes of changes in the dependent variable are likely to be multivariate. However, even if such relationships between a process and an agent are established and acted on in terms of changed farm practice, there may be other changes in the farming environment which are considered to be undesirable, even if these are unrelated, at least in the short term, to productivity or profit. The farming landscape and its fauna and flora are an important part of many cultures, so declines in 'icon' species such as the skylark (Alauda arvensis) in Britain, a bird mentioned in Wordsworth's poems and Shakespeare's sonnets, lead to concerns which are unrelated to profit. Recent information from the United Kingdom, for instance, has shown that populations of eleven species of previously-common farmland birds, including the skylark, have declined markedly in the past decade or so. One of these, the grey partridge (Perdix perdix) has been the subject of a long-term monitoring study since the late 1960s (Potts 1986), while another, the tree sparrow (Passer montanus) has shown the greatest decline (93%) of the group of eleven species. A long-term study of intensive cereal production in the 1980s and 1990s (Greig-Smith et al. 1992) had the prescience to select the latter species for detailed study of the effects of aphicides, used in wheat, on this species' diet and on its blood cholinesterase enzyme activity (Hart et al. 1992) . The birds' diet switched to (presumably insecticide-contaminated) aphids immediately after the spraying of the aphicide and nestling esterase activity levels were lowered. Whether this led to population declines could not be demonstrated, but the general conclusion of the recent U.K. work is that 'pesticides' are responsible for the declines in the above eleven bird species. It is likely that herbicides, in particular, are most heavily implicated in these declines; the birds feed at least partly on invertebrates and populations of these are lower following the use of broad-spectrum herbicides in cereals (Sotherton 1991).
THE SELWYN STEWARDSHIP MONITORING SCHEME The New Zealand work on farmland sustainability, described below, has tried to address some of the limitations of other related studies, may of which (in Europe) were reviewed by Holland et al.(1994) . The 'Selwyn Stewardship Monitoring Scheme (SSMS)' is multi-sectoral and multi-disciplinary and is monitoring long-term changes in biological and physical aspects of sustainability. It is attempting to explain the multivariate causes of these changes and is seeking thresholds in these relationships (see above).
The first data for the Selwyn Scheme were collected in late 1995, using a 'pilot' set of indicators. The aim of that early work was to select indicators for their usefulness in terms of: ease of sampling, known ecological role in the agroecosystem, responsiveness FIGURE 4: 'Energy audits' for ten paddocks in the 'Selwyn' Scheme.
to 'perturbations' e.g., agrichemical use, cultivation etc. and relevance to 'concerns', such as soil quality, pest outbreaks, etc. There are five monitor farms (two arable, one sheep-and-beef, one dairy and one organic -registered under BioGro (Anon. 1994), and three paddocks are monitored on each farm. The current suite of invertebrate biological indicators, still subject to some review as the Scheme enters its second phase in July 1997, is: springtails (Collembola), fungus gnats (Mycetophilidae), Argentine stem weevils (Listronotus bonariensis), brown lacewings (Microtonus tasmaniae), money spiders (Linyphiidae), predatory beetles (Carabidae), ants (Formicoidea) and earthworms (Annelida), among others. Two bird species are also being monitored. One is the skylark, chosen because of its European decline and because singing males can be easily flushed and counted, and the starling (Sturnus vulgaris). Nest boxes for the latter have been put up on all the study farms, and blood esterase levels and other biomarkers will be measured, as was done for the tree sparrow in the U.K. (see above). Other indicators include 'energy audits', which track (in megajoules/ha) the quantity of energy used for each crop or animal product and the energy 'harvested' for that crop. These data reveal the arable farm to be the most energy-efficient (Fig. 4) , with meat and dairy farms considerably less so. Other indicators not reported here include: 'nutrient audits', yields, profits, soil aggregate stability, aquatic invertebrates, faecal coliform counts in, and pesticide contamination of streams, etc.
Early results are illustrated in Figs. 4 and 5. Consistent differences between paddocks appear to persist through time, but analysis of the proportion of the variance explained by between-paddock and between-farm factors showed that the former was usually more important than the latter. For this reason, the project will reduce the number of monitor paddocks on its study farms and take on more from other farms.
It is not known at this stage whether the farms which are the most benign in environmental terms will be the most profitable or productive, or whether sustainability of the indicators will be a necessary casualty of maintaining profitability. There is a large literature on the relationships between economic growth, development and sustainability and it is by no means certain at this stage that the 'environment' must be sacrificed to profitable farming (e.g. Arrow et al. 1995) . In the context of the Selwyn Scheme, the next year or so will be crucial in beginning to answer that question, and in achieving the goal of relating indicator levels to significant environmental changes in farmland. To quote FIGURE 5: Moneyspider (Linyphiidae) numbers on four dates in twelve paddocks in the 'Selwyn' Scheme.
